Abstract
Introduction
Pneum osinu s dil atans (PD) is a rare conditi on that res ults in fac ial deformity . PD is caused by an abnormal dilatation of the paranasal sinuses , which co ntain only air and are lined by norm al muc osa. Meyes first descr ibed the disease now known as PD in 1898.
1 However, in 1918, Benj amin first ass igned the name pneumosinus dilatans to this facial deform ity.' An exhaustive review of the literature by Borelli et al in 1979 yielded only 51 reported cases of PD.3In recent years, a few more cases have been reported . Most involved the fro ntal sinus, althoug h the maxillary sinus, ethmoid al cells, and sphenoidal sinus ca n also be affected .v?
Abnormal exp ansions of the front al sinuses have also been given the diagnosis of pneum ocele, pneum osinus frontalis , sinus hypertrophy, aerocele, hyperpn eum atization, and sinus ec tasia. It is possibl e that these terms describe the same clinical condition. Urken et al" classified parana sal sinus pneuma tic dilatations into three categories according to clini cal symptoms, radiologic enlarge ment, and thinning of the sinus walls. In order of increasing sever ity, the classificat ions were hypersinus, pneumosinus dilatans, and pneumocele. However, it is not clear how these diseases are related .
The etiology and patho genesis of this unusual process are not yet determined. PD is often an unexpected radiologic finding; how ever, in most cases, it is diagnosed by the recogniti on of a frontal deform ity. complaints include local pain caused by tissue exp ansion or front al nerve comp ression , headache , front al pare sthesia or sensory deficit, olfactory loss,and ophth almi c disturbances. Stretch and Poole also reported a case of PD-associated blindness caused by osteodys plasia of the opti c canal s and compressio n of the optic nerves.' X-r ays, clin ical findin gs, and horm onal exam ination s may help to differenti ate PD from other acqu ired deformities of the fron tal bon es, such as acromegaly, exostosis, and mucocele frontalis . PD has been de scr ibed in both an isolated form and in association with other diseases, such as arachno id cyst,"cerebral hemi atrophi a,10rnenin gioma .v'' :" and Klipp el-Trenaun ay-Web er syndrome."
Case report
A 37-year-old white man pre sented with a IO-year history of left frontoglab ellar bossing (figure 1). Progressive growth stabilization had occurred over the pre viou s 5 yea rs. Th e mass (5 x 6 em ) was firm and not mobil e on palp ation. Computed tom ography revealed an abn ormally dilated left fro ntal sinus occupying the whol e left side of the front al bone, No signs of path ologic formations were detected in the sinus cav ity. Radiologic exa minations did not reveal any sign of fro ntal fracture, de spit e evidence of anamnestic childhood cra nial trauma (figure 2). The patient presented no evidence of sinusitis, cyst, or mucocele involving the frontal sinuses .
Compl ete surg ical exposure of the frontal bone and superior orbital rim s was achieved via a standard coronal flap (figure 3). Th e anterior wall of the left front al sinus appea red dilated and thin and showed no signs of previou s frac ture. Using a reciprocating saw, osteotom y of the outer table of the front al bone and superior orbital rim was performed as clo se as possible to the lateral sinus margin s. Lesion of the thin posterior sinus wall was carefully avo ided. Th e sinus was empty and lined with normal muco sa. Evaluation of the ostiomeatal complex revealed muc osal hyperpl asia and polyposis of the frontal sinus ostium . The muc osa was then peeled off and reflected to the nasal side . The sinus was oblitera ted with fat.
Th e anter ior wall of the frontal sinus was rem odeled to achieve a norm al forehead contour. To do this, the left superior orbital rim was first reduced and fixed in a nor- mal position. Different osteotomy cut s were made on the remaining bon e plate alternately from the external margins to the internal side. Thi s increased the flexibility of the plate, making compression possib le, and a normal front al projection was achieved before fixation .The resulting small defects were obliterated with calvarial bone ch ips. There was a significa nt cosmetic improvement of the forehead contour (figures 4 and 5). No further front al bossing has developed during the 3-year follow-up period.
Discussion
The etiology and pathogenesis of PD is still a matter of discussion. Various hypotheses have been proposed to explain its pathogenesis. Benedikt et al proposed spontaneous drainage of a frontal mucocele as a pathogenic mechanism." Other authors have described cases in which patients reported spontaneous, profuse nasal disch arge , supporting this mechanism.' However, most pat ient s fail to give such a history.
Alte rations of growth-and sex-hormone leve ls have also been implicated in PD .1 5 Such alterations result in a disturbance in the control of osteoblastic activity, leading to excessive bone growth and abnormal sin us pneumatization and expansion. Unfortunately, there is no evidence to support this theory, as stated by Smith et al," who did not record any hormonal alterations in the case they reported. Prott, who also found no hormonal alterations in his patients, suggested that enlargement of the sinus could have been secondary to an inc rease in intrasinus pre ssure ." This increase in pres sure could have been caused by an efferent duct obstruction with a valve mechanism; Harrison and Young described evidence for this in 1955. 18 How ever, few simple, anatomically demonstrable valves have been repo rted by other authors. Candan et al demonstrated an increased intrasinus pre ssure caused by a check-valve mechanism ." Carta et al reported a case of PD with diplopia, proptosis, ophthalmoplegia, and compressive optic neuropathy.P The autho rs attributed the amaurosis to changes in air pressure . These changes, cau sed by probVolume 84, Number 12 Figure 
Preoperativ e frontal (A) and lateral (B ) radiographs
show mas s in left fro ntal sinus and frontal bossi ng. Urken et al also discu ssed the valve mechanism theory.' However, they were unable to formulate a clear, possible etiology and pathogenesis for PD , despite examining a large number of asymptomatic patients and six reported cases of PD. This was because of the foc al nature of many of the reported cases and the remoteness of the invol ved areas from the nasofrontal recess. In our case , the finding of a mucos al extroflex ion in the frontal recess could support a valve mechanism , but no clinical signs or surgical evidence of increased sinus pressure were detected.
Although our experience is limited to this case, based on a review of the repo rted cases we have reached the opinion that, regardless of etiology, only two different forms ofPD likely exist, each with specific related clinical signs . The first form leads to increased sinus pressure with early optical signs and symptoms. In the second form , the frontal deformity is the major complaint, and optic al signs may be absent or late .
Despite the confusion about the pathogenesis and classification ofPD, in our opinion, the therapeutic option s for treating PD are quite clear. In hypertensive patients with symptomatic PD but without signific ant frontal bossing , the treatment of choice appears to be functional endoscopic sinus surgery directed at treating the sinus duct obstruction. When frontal bossing is the major complaint, endo scopic surgery is not effective; in such cases, open surgery with an osteoplastic flap is indic ated.
Various open procedures have been described, and most are effective. However, increased attention to aesthetic results requires some technic al improvement. Prottdescribed frontal bone infracturing, but the aesthetic results are unpleasant.'? Urken et al treated front al bossing by creating an osteopl astic flap, with a recession of the anterior table into the sinus, followed by fat obliteration ofthe remaining cavity.' The aesthetic results were not reported. Pospisil and Balmer proposed frontal osteotomy with ostectomy." 
PNEU MOSINUS DILATANS FRO NTALIS: A CASE REPORT
The space created by the difference in size of the remaining reduced anterior fron tal bone and the margins of the origi nal sinus was packed wit h bone chip s and Surgicel. Howeve r, a large deformity causes a differe nce in cur vature, which can req uire excessive frag mentat ion of the anterior plate to fit the frontal bone . We think that a radial or an "alternate" osteotomy (a serie s of alternating osteotomies on oppo site sides of a very convex piece of bone that allow the bone to be pulled apart in a zigzag manner) of the anterior sinus wall permits its compression, leading to better control of frontal proje ction and contour. Sinu s exclusion and fat or bone obliteration help to minimize the possibility of recurrence.
In conclusio n, when endoscopic sinus surge ry is not suitable for correcting a clear frontal valve obst ructio n, and when a fron tal deformity need s to be corrected, open treatment is the first choice of treatment in PD. ered in cases of oral cavity tumors at unusual locations, such as the base of the tongue.
